Abstract: Environmental Assessment (EA) is the identification, prediction and evaluation of Environmental impacts. Environmental Monitoring transforms EA from a one time pre-project document to a continual assessment of impacts. Post project analysis concerns life cycle environmental management and environmental studies during project implementation. This study illustrates significance of Post project Environmental Monitoring and Impact Assessment using a factual example of Gokarna Sanitary Landfill Site (GLFS) after final operation and closure. The environmental inventory, the preventive and compensatory measures adopted by GLFS were studied and some modes of public involvement, economic measures and regulatory measures were analyzed during the construction and operation of the GLFS. Environmental inventory of the site indicated that GLFS might constitute concrete environmental conflict. The result of handpicking analysis showed that risk of medical and industrial hazardous waste cannot be excluded. Water and leachate analysis indicated that the impact of disposal is still pronounced at the site and ground water pollution may be dispersing to the general ground water flow direction. Soil analysis indicated that impact of disposal is pronounced on similar trends in two sites in landfill site. P H , BOD and COD values of leachate indicated that a good biodegradation of organic wastes (i.e. stable methane process) is going on the site and opens a potential for using landfill gas as an energy resource. The public participation, and economic measures studied through questionnaire method confirmed that during operation phase there was inadequate compliance with the planning and operational strategies at implementation that is also a major issue environmentally. There were no provisions for monitoring hazardous wastes, surface and ground water pollution and landfill gas during the operation phase. This study intends to conclude for regular Environmental Monitoring and Post project Impact Assessment for corrective actions and also for the construction and successful operation of similar projects. Possibility of Post project Environmental Monitoring and Impact Assessment in environmental policy making is also considered.
INTRODUCTION
Environmental monitoring refers to the set of activities that provide chemical, physical, geological, biological and environmental, social, or health data required by environmental managers (USEPA, 1986) . Environmental monitoring involves the systematic collection of data to determine: 1) the actual environmental effects of a project; 2) the compliance of the project with regulatory standards; or 3) the degree of implementation of environmental protection measures and success of the environmental protection measures. When successfully integrated with the environmental management system for the project, environmental monitoring can provide valuable feedback about the effectiveness of environment protection measures and in turn monitoring may be related to the post project analysis (Shephard, 1994) . Post project analysis concerns life cycle environmental management and environmental studies during project implementation (ECE, 1990) . Post project analysis is essential to check the implementation of mitigation measures, to provide early warning of potential environmental damage, to audit mitigation measures, to refine assessment methods, to improve project outcomes through adaptive environmental management (Shephard, 1994) . Many post project impacts may be anticipated and the agency may continually adopt, evaluate and improve impact management activities.
Despite its widely recognized importance, monitoring is not a well established activity for several reasons: Environmental monitoring data are expensive and difficult to collect; monitoring can be time consuming; agencies lack guidance and are under little legal pressure to conduct monitoring; agencies may fear self-incrimination through monitoring. However, lack of appropriate monitoring impedes scientific progress in impact prediction and assessment and makes it difficult to learn from experience (Khadka, 1996) .
Development projects directed at improving levels of material comfort with inadequate environmental planning, have had unintended detrimental effect on people and natural resources (Lohani et al., 1997) . However increasing economic development, correlating with technological progress will often reduce the environmental damage (Radetzki, 1992) ; but this relation between environmental quality and economic development often proposed to the extension of Environmental Kuznets Curve (EKC) 1 is invalid for consumption based pollution (CO 2 and municipal solid waste) (Rothman, 1998) . In addition, Shafik (1994) , using data from 149 countries, showed that environmental indicators as carbon emissions, municipal wastes and dissolved oxygen deteriorate steadily with increase in economic development.
Managing solid waste in the developing countries like Nepal, the effective method of waste disposal is the landfill. The waste composition 2 , high cost and the technical difficulties of operation makes the incineration inappropriate for reducing the amount of materials (Oeltzschner and Mutz, 1994) , which finally will have to be disposed to the landfill.
Landfill facilities on the one hand are necessary for the community and are useful to the general public, whereas, on the other hand, environmental impacts associated with the landfill sites during the operational and even post-operational phase makes the facility sensitive from the environmental view. Due to the negative externalities 3 arising from a landfill site, people living within the community oppose the landfill.
That this type of public opposition is expected to accelerate; various international bodies have suggested on further steps that might be taken towards dialogue and partnership (Munn et al, 1996) . The reuse and sharing of assessment data should be encouraged for fulfilling the impact assessment method (Shephard, 1994) . (Table 1) Gokarna Landfill Site (GLFS) was developed and operated since 1986 as the final disposal site of solid waste of Kathmandu and Lalitpur Municipalities. Till 1990 it was operated with stringent management practices and prolonged haphazardly till January 1994. Public opposition due to insufficient management was a major concern during the operation of GLFS. The landfill site was finally closed in 2000. The mistake was then realized that the socio-environmental aspects were not properly taken into consideration during GLFS project cycle . (Table 2 & 3)
METHODS AND DATA
The study was based on the assessment of environmental factors to diagnose the state of the system for finding the environmental condition or the trend and determine the potential environmental risk of the landfill. The research was further extended to analyze the GLFS Project activities in terms of monitoring and other activities performed by GLFS to reduce the public opposition. The results were finally analyzed in order to consider environmental monitoring in environmental management, and thereby expanding the scope of monitoring.
Post closure environmental inventory
Environmental inventory was split into different environmental aspects such as waste, gas, leachate, and groundwater as per Hogland (1989) . The inventory of environmental factors included handpicking analysis of waste, physico-chemical analysis (methods prescribed by APHA,1998) of leachate and groundwater around GLFS, physico-chemical analysis (methods described by Trivedy 1 The environmental Kuznets curve (EKC), or inverted U-shape relation between environment and income suggests that environmental damage increases at lower income levels, reaches a maximum level and declines thereafter. Bad effects that are often characterized by the facility's impact on health, property prices, noise and air pollution, community disgrace, loss of amenities and negative visual impacts.
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The wide-spread public 'Not In My Back Yard (NIMBY) opposition' started in USA in 1970s to oppose the landfill site around their vicinity. The table is based on the interview with the local people during field visit.
Measures to minimize NIMBY opposition

Institutional requirement Example
Parameters adapted from checklist for the evaluation of the 'hazard potential' of a dump site (Oeltzschner and Mutz, 1994) & Goel, 1984) , grain size analysis (methods prescribed by ASTM standards, 1986) of soil in and around GLFS and a general survey of the landfill gas around GLFS. Furthermore, a survey of geo-hydrological conditions and the sensitivity of groundwater toward pollution was carried out as there was no sufficient liner laid during operation phase.
GLFS Project activities
Two sets of questionnaire patterns 5 were developed for household survey 6 and for key informants 7
. The questionnaire design phase involved selection of attributes after field visit, group discussion with local people and interview with potential key informants. Figure 1 show the waste composition landfilled at GLFS. During excavation of the waste landfilled at GLFS, certain materials as textiles, plastic bags, shoes, plastic-bottles, traces of medical wastes (syringes and drug bottles), batteries, construction materials, tires, packages, paint tubes, old pens and aluminum cans were observed. Presence of traces of medical wastes, unmanufactured leather products, batteries, paint tubes and aluminum cans showed that the risk of medical and industrial wastes could not be eliminated. Rushbrook (1985) listed the number of people questioned in the range of 10% to 25% of the affected family for scoping Environment Impact Assessment (EIA) of municipal solid waste landfill. 40 households (15.9% of the total households) were considered by taking 25 households (16.2% of the households) within distance range 0-500m and 15 households (15.3% of the households) within distance range 500-1000m.
RESULTS
Post closure environmental inventory
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Key informants were selected by purposive sampling according to their experience in the field of solid waste management. Table 4 shows the comparative analysis of water samples taken form four sampling sites. In figures 2, 3 and 4 chemical parameters of the leachate (i.e. sample from channeling pipe) are compared. The reduction of the chemical parameters in leachate from that of AIT (1998) and NESS (1996) , and increase in pollution parameters downstream relative to upstream the landfill site may be related to the ground water flow direction. Seepage of leachate outward the adjoining hill, northeastern the landfill site may relate the leachate flow direction, which Table 5 estimates the economic price of landfill gas with replacement cost of liquefied petroleum gas (LPG) used for cooking purpose. Figure 5 shows the grain size analysis of soil samples from the two holes and the adjoining hill. In table 6 chemical analyses of the soil samples are presented.
Fig.1: Results from the handpicking analysis at GLFS (values in percentage
The fine grained silty sand of the soils in the holes A and B and the adjoining hills may justify the fact that the materials from the adjoining hills were used to cover the waste. A large fraction of organic matter indicates that the waste is well degraded in GLFS. High percentage of organic matter, Nitrogen and other parameters in samples from the holes than those of sample from the adjoining hill may indicate that the impact of landfilling is pronounced in the site, however it needs further justification. Table 7 shows the monitoring of gas, leachate/groundwater and waste during operation of GLFS. In table 8 modes of public participation and economic measures to minimize public opposition are presented. Compensatory measures provided by GLFS and local people's perception about public participation are listed in tables 9 and 10 respectively. is also the general ground flow direction of Kathmandu Valley as per Dhaubhadel (1988) who determined the general ground water flow direction of unconfined aquifer going to the direction of the center of the Kathmandu basin. 
GLFS Project Activities
DISCUSSIONS AND CONCLUSION
This paper contains an assessment of GLFS considering some monitoring factors and some issues during landfill management. Although environmental management requires comprehensive resource inventories and evaluation, preliminary conclusions can be drawn to assess the postoperation risk of GLFS, various measures adopted by GLFS during the operation phase and possibility of the monitoring approach in environmental policy making.
Post project Impact Assessment of GLFS
If we look at the results in terms of environmental impacts, we can see that GLFS may constitute concrete environmental conflict, even after final operation. While the landfill has a visible impact to the landscape since the entire valley is filled with waste, excavation of the waste showed the presence of hazardous or industrial waste couldn't be excluded. Laboratory analysis of leachate compares it with heavily polluted waste water. And since there is no liner laid and the area that could be affected is not well defined, there is risk of pollution of ground water due to leachate. Soil analysis confirmed that the fact that the material from the adjoining hill was used to cover the waste. Higher level of chemical parameters in the soil samples from the landfilled area than that of from adjoining hill showed that impact of landfilling is pronounced in the area. It was observed that in the leachate sample, P H values was above 7 (i.e. 7.2) and has increased from that of NESS, 1996 and BOD and COD values decreased from NESS, 1996. This shows good biodegradation (i.e. stable methane process) 8 is going in the site and it poses a risk of migration and explosion of CH-4 gas since there is no gas control at GLFS.
The environmental inventory at GLFS shows necessity of some protective measures necessary to the surrounding groundwater against contamination with leachate and some preventory measures against the risk of migration and explosion of gas.
GLFS Project Activities
If we regard the activities performed by GLFS project, we can see inadequate compliance with the planning and operational strategies, which is also a major issue environmentally. Monitoring activities -as in the case of waste, leachate/ groundwater, gas -were unsatisfactory. Other factors such as public involvement and economic measures were dealt only after public opposition started. However, GLFS was able to extend the landfilling, after it included local people in monitoring activities, and compensated as per local people's need.
GLFS could contribute to an integrated waste management approach by opening a compost plant or collecting recyclable/ reusable materials prior to landfilling which in turn would have helped to increase the life of the landfill site. Besides recycling and composting, tapping of methane gas (refer estimation of economic price of landfill gas) could help in collecting fund for the landfill site.
*Environmental factors as defined according to the Vaxjo risk assessment model (Nilson and Hutt, 1990) The table is based on the interview with the then site-in-charge of GLFS. According to Oeltzschner and Kharel (1997) , from other landfill sites, if the stable methane process (i.e. good biodegradation) is going on, the P H value should be higher than 7 and BOD as well as COD should have gone down. 
VDCs
Possibility of using the post project monitoring approach in environmental policy making
If we compare the measurement of environmental variables (e.g. groundwater and soil) during and after operation, we may interpret that they may have occurred as a result of the project. Although it requires establishment of casual relationships between action and effect through 'reference' and 'treatment' monitoring stations, this type of information may be used to define the monitoring system in terms of impacts to be monitored.
Other information, such as response to impacts (e.g. using agencies' authorities to reduce and prevent impacts) and their effectiveness in reducing impacts determine the implementation of monitoring system. Hence, it could be concluded that monitoring might be viewed within the adaptive and lifecycle process nature of environmental management goals and may be valuable for environmental policy formulation.
General Conclusion:
Environmental monitoring and assessment appear to be a useful approach for environmental management program; environmental protection measures to eliminate the risk to the surroundings and local people's health could also be generated. Similarly taking some monitoring parameters and effectiveness of some activities during project, a systemic method using minimum of resources and still generating effective environmental protective measures may be created.
